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Abstract 
Unlike the U.S. 2010 Highway Capacity Manual, the most recent edition of the German Highway 
Capacity Manual does not include methodology to evaluate the facility within oversaturated time 
periods. To incorporate this traffic flow regime within the methodology, we identify several aspects of 
the methodology that require enhancements and propose modifications. Next, we implement these 
modifications in a macroscopic traffic model developed as a software implementation of the German 
guideline. In this manner, the HBS user can conduct traffic flow analysis that includes volume-to-
capacity ratios above 1.00 which has not been foreseen by the guideline until now. The main contribution 
of this paper is the identification of methods within the German Highway Capacity Manual that require 
modification to enable incorporation of oversaturated traffic flow within the analysis. Further, we 
introduce traffic density as a variable within the HBS methodology and show benefits of its 
incorporation during the oversaturated time periods. Finally, the paper includes illustrative examples of 
empirical and model-based evaluation of congested freeway facility in Germany. The paper concludes 
with a discussion of proposed methods and their limitations. 
 
Keywords: freeway analysis, HBS, HCM, oversaturation, LOS 
1 Introduction 
The German Highway Capacity Manual (HBS) (FGSV, 2015) serves as a hands-on guideline for the 
freeway facility Level of Service (LOS) analysis. The manual includes methods to perform analysis of 
undersaturated basic segments, intersections and freeway facilities. However, an oversaturation of at 
least one of the component segments leads to termination of the analysis. In that case, the HBS assigns 
the complete facility a LOS F and does not analyze the facility further. To answer this discontinuity, we 
propose extensions to the current methodology to incorporate the oversaturation within the analysis. 
Furthermore, we developed a macroscopic traffic flow model encompassing all the current and proposed 
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HBS methodology and implemented the model in a computational engine. The model is a faithful 
implementation of the researched traffic flow concepts included in the HBS chapters A3, A4 and A5. 
Until now, the basic road segments, merge, diverge and weaving segments have been treated 
individually within the analysis of uninterrupted flow in the HBS. In our approach, we evaluate the 
freeway as a facility composed of a number of component segments that are mutually linked. Only in 
this manner the interactions between the interchanges and the basic road segments can be covered and 
fully investigated. With means of macroscopic traffic flow modelling, we enable the traffic shocks to 
propagate through the facility, investigate the suitability of the current methodology for assessment of 
congested facilities and propose modifications to allow for detailed LOS evaluation during 
oversaturation. 
The structure of the paper is as follows: First, we give a brief overview of the HBS structure and 
give background on the development of the current HBS methodology. Next, we review the 
development of the LOS concept from both U.S. and German point of view. Further, we identify parts 
of the HBS methodology that are necessary to be extended in order to handle the oversaturation and to 
guarantee seamless linkage of methodology included in HBS chapters A3, A4 and A5. In Chapter 3 we 
propose modifications to the methodology and discuss them in a detailed manner. Chapter 4 provides 
an empirical and model-based analysis of a freeway facility comparing the current and proposed 
methodology. Finally, we give conclusions and discuss the objectives of the further research. 
2 Literature review 
2.1 HBS methodology 
The German Highway Capacity Manual (HBS) determines the capacity and incorporates the 
methods for assessing the quality of traffic flow on freeway facilities, highways as well as on urban 
roads. HBS chapters devoted to the analysis of freeway facilities are based on an empirical research on 
German freeways over the last 20 years. The most relevant effort to this research was the work of (Brilon 
et al., 1994) that led to a draft of the guideline. Further developments of these concepts led to a 
publication of the first HBS manual in 2001 (FGSV, 2001). This guideline summed up the research 
efforts on freeway analysis, among other analyses of diverge areas (Schnüll, Hoffmann, & Irzik, 2000) 
and merge areas (Brilon & Westphal, 1994), (Wirth & Staufer, 2000). The methodology of the guideline 
was updated in 2009 to contain approved corrections and most recently, an update to 2015 HBS edition 
including the current state of research is in press. 
Chapter A3 of the manual provides discrete capacities and revised speed-flow relationships of basic 
road segments based on an empirical analysis derived from data from 50 cross sections on German 
freeway facilities (Brilon & Geistefeldt, 2010) . This empirical evidence, enhanced among others by 
empirical analysis (Brilon & Ponzlet, 1996), (Brilon & Lemke, 2000) represents a revision of the 
original speed-flow relationships that created a basis for the previous HBS edition in 2001 and that were 
originally developed by (Brilon & Ponzlet, 1995). The capacities in Chapter A3 are expressed as cross 
sectional values and were determined using van Aerde model (van Aerde, 1995) and the empirical 
evidence mentioned above. 
The analysis of grade separated junctions (chapter A4) is based among others on empirical findings 
by (Weiser & Sillus, 2006) , (Friedrich, Irzik, & Hoffmann, 2006) and (Friedrich, Hoffmann, Irzik, & 
Matschke, 2008). A new model for LOS analysis using combined volume-to-capacity (V/C) ratio, while 
considering all critical areas around the network element (merge/diverge/weaving), was introduced by 
(Wu & Lemke, 2011) and is incorporated in the updated HBS editions. 
Finally, the 2015 HBS edition introduces a new chapter A5 that gives methods on analyzing the 
freeway facility as a whole. Unlike in chapters A3 and A4, the facility LOS is evaluated based on a 
mean travel speed and not on the V/C ratio to reflect qualitatively on the facility´s performance within 
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the freeway network. The goal is to measure the facility´s performance based on the desired mean travel 
speeds given in the Guideline for integrated network design (FGSV, 2008). However, the methodology 
is only applicable as long there is no oversaturation anywhere within the facility. As the grade separated 
junctions are analyzed as point elements (Figure 1) they do not yield any information on travel time and 
its delay and are thus neglected. 
 
Figure 1: current HBS segmentation of freeway facility 
Generally, HBS gives methodology based on large empirical evidence to evaluate the quality of 
traffic at single component segments and intersections, but does not encompass the interactions between 
them. This generated research effort to incorporate the interactions between the network elements that 
is documented by the research team in this paper. 
2.2 Quality of traffic flow 
To discuss the V/C-based LOS implemented in the most recent HBS, we first look on the history of 
the LOS concept and the alternative approaches taken in the past. The definition of LOS has raised many 
discussions over the years and a shift from the traditional peak-time, traffic-demand oriented LOS to an 
alternative multi-criteria LOS was suggested several times. However, the short-time interval and 
traditional parameters as traffic density, average travel speed and V/C ratio are still dominating the LOS 
determination in the most recent guidelines including HCM and HBS. 
(Roess, Vandehey, & Kittelson, 2010) describe the development of LOS and its incorporation within 
the HCM guideline over the last decades. The authors point out a major change when the 2000 HCM 
edition replaced the V/C ratio and operating speed by traffic density as the LOS defining parameter in 
terms of uninterrupted freeway flow. Essentially, before the 2000 HCM edition was released, all verbal 
definitions of facility LOS were translated to quantitative definitions. The 2000 HCM edition introduced 
a multiple definition of the LOS E to F boundary when either the demand-to-capacity (D/C) ratio 
exceeds 1.00 or one of the measures of effectiveness (MOE) limits is exceeded. Further, the guideline 
recommends dividing LOS F into sublevels reflecting thus on the current research (Cameron, 1996). 
Cameron proposed expanding the LOS scale from A-F to A-I using average travel speeds to reflect on 
increasing congestions. At the turn of the century, Kittelson identifies the need for an enhanced LOS 
including other variables like queue length or average speed to analyze both undersaturated and 
congested traffic state (Kittelson, 2000) in a more precise way. 
In Germany, the 2001 HBS edition sees the mean travel time as the best indicator of the LOS for 
longer facilities (~ 100km); however the guideline is aware of the benefit of V/C-based LOS for 
segments where the travel time might decrease due to speed limits or a hilly terrain. In his work (Brilon, 
2000) Brilon suggests using the term efficiency as a function of traffic flow, average travel speed and 
duration of the time interval to find an optimal threshold between LOS E and F. The paper states the 
highest efficiency of the road to be around 0.9 times the capacity. Brilon also stresses out the necessity 
to look beyond a short-time demand (usually represented by the one specific peak hour) within the LOS 
analysis to enable investigations of levels D (sufficient) to E (capacity) and even F (oversaturation) in a 
comprehensive way. Next, Brilon suggests conducting the LOS analysis in a time-space domain within 
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the whole facility until the congestion is cleared. Using the traffic density as a reporting characteristic 
along the freeway facility to cover the interactions between segments in multiple time periods supports 
the important threshold definition between D, E and F. Finally, Brilon suggests using the whole year 
analysis (WYA) to compare the traffic demands and capacities over the course of the year. In this 
manner, the economic evaluation of the losses (represented by travel delays) and the infrastructure costs 
can be better explained. (Brilon & Zurlinden, 2003) derive the methodology for WYA while (Geistefeldt 
& Zurlinden, 2004) apply the methodology and demonstrate the analysis on selected freeway facility. 
However, despite the suggested modifications, the 2015 HBS edition keeps the V/C as the only 
characteristic for LOS determination on German freeways. 
3 Methodology 
In this chapter we identify cases where it is necessary to modify the current HBS methodology to 
enable analysis of oversaturated freeway facility. The modifications are motivated by an effort to include 
interactions between basic road segments and grade separated junctions so that the freeway facility could 
be analyzed as a sequence of component segments even during the oversaturation. As the current 
methodology covers the undersaturated conditions in a comprehensive way, most of the modifications 
have impact at high V/C ratios close to the capacity. In following paragraphs we identify the required 
modifications, propose enhancements and discuss the ramifications of the proposed approach to the 
current HBS analysis. A detailed description of the methodology is further available in (Hartmann, et 
al., 2016). 
3.1 Facility segmentation 
3.1.1. Problem statement 
The HBS chapter A5 incorporates methods to analyze freeway facilities to investigate the freeway 
connectivity within a transportation network from a network planning perspective. The connectivity 
function is defined by the Guideline for integrated network design (RIN) (FGSV, 2008) and requires the 
freeway facility of category A0 and AI/II to operate at least at facility LOS D or better. In this case the 
measure for the LOS is the travel speed index (TSI) that is computed as the ratio between the expected 
and desired private car travel speed. 
At the moment, segment boundaries of freeway facilities are defined by the points of intersection of 
two adjacent grade separated junctions. A point of intersection is defined as a principal point of 
intersection of two freeway facilities (three-leg or four-leg interchange) or a freeway facility and another 
multilane highway (Figure 1). A freeway facility is split into a number of basic road segments where 
the segment boundary is defined identically to the facility boundary by using intersection points. Basic 
road segments can be further split into two if any of the characteristics influencing the capacity (number 
of lanes, road gradient, heavy vehicles share etc.) are subjected to change. 
The HBS gives a catalogue of merge and diverge types in accordance to the Guideline for freeway 
facility design RAA (FGSV, 2008) which in turn gives the length of the acceleration and deceleration 
lane. Unlike HCM, HBS does not define the length of the merge and diverge influence area.  
Merge/diverge and weaving LOS is determined based on the worst of the V/C ratios within 3 areas: the 
merge/diverge area, upstream/downstream of the gore point and finally the ramp area. Hence, the 
building a sequence of basic road and merge/diverge/weaving segments leads to a potential overlap 
since the upstream/downstream segments of merge/diverge areas are integral part of both basic road 
segment and grade separated junction analysis. 
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3.1.2. Proposed adjustments 
To address the stated problem, we propose to modify the segmentation rules in HBS chapters A3 
and A4. To remove the overlaps, we relax the intersection points as the principal points of the 
segmentation and substitute them by the gore points of respective merge/diverge areas. The length of 
the merge/diverge and weaving segment is then determined based on the length of the 
acceleration/deceleration lane given in the RAA guideline. The standard length is typically 250 or 500m, 
in some cases nonstandard length can be justified. In this manner, the setup of the merge/diverge and 
weaving areas determines the residual length to become the basic road segment length. Should the length 
of the basic road segment between merge and diverge area violate the minimum length 500m given by 
HBS Chapter A3, the segment is to be analyzed as a weaving segment. Examples of segmentation of a 
freeway facility with two adjacent cloverleaf interchanges corresponding to the current HBS 
methodology (Figure 1) and the modified segmentation approach (Figure 2) are given. 
 
Figure 2: proposed freeway facility segmentation 
The inclusion of merge/diverge and weaving segments in the freeway facility LOS analysis allows 
for incorporation of their influence on the travel time and thus for more realistic assessment of the 
freeway operation. However, because there are no speed-flow curves for the merge/diverge and weaving 
segments in HBS, the speed-flow relationship of the adjacent upstream (merge) or downstream (diverge) 
basic road segments are adopted for the travel speed computation. Finally, the freeway facility 
boundaries are extended to contain the mainline influence area upstream of the grade separated junction 
as well as the collector/distributor (C/D) lane. Including the C/D lane in the analysis enables capturing 
the interactions between congested C/D lanes and mainline. 
3.1.3. Incorporation of a collector/distributor lane  
The 2015 HBS edition encompasses methods to analyze individual weaving sections on the mainline 
as well as within the C/D lane. Similarly to the rest of the manual, any oversaturation of the weaving 
section leads to LOS F and termination of the analysis. In Germany, a weaving section within C/D lane 
is typically 250m long and can often become oversaturated in peak hours, in extreme case leading to a 
queue spillback on the mainline. To handle this case, we introduce a second (parallel) mainline to model 
the C/D lane within the grade separated junction. This second mainline is connected to the primary 
mainline through series of links to reflect on the design of the grade separated junction. In this manner, 
the queue spillback and its effects on the travel speed on the mainline is incorporated. Further, a 
bottleneck within the weaving segment in the C/D lane meters the traffic demand entering the mainline. 
Figure 3 illustrates the segmentation of a C/D lane within a cloverleaf interchange as implemented in a 
computational engine German FREEVAL (Hartmann, Vortisch, & Schroeder, A German Approach to 
Freeway Facility Evaluation, 2015). 
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Figure 3: Segmentation of a cloverleaf interchange including a C/D lane 
3.2 Fusion of HBS chapters A3, A4 and A5 
3.2.1. Unification of the input units 
In Germany, vehicles per hour (vph) together with heavy vehicles (HV) share represent input for the 
design hourly volume (DHV) used as a measure in transportation planning and freeway operation. On 
one side, the analysis of basic road segments in HBS Chapter A3 applies the DHV (expressed in vph) 
to compute the V/C ratio to determine the LOS. To reflect the influence of HVs on the traffic flow, the 
capacity of basic road segment is expressed as a function of HV-share. On the other side, the LOS 
analysis of grade separated junctions in HBS Chapter A4 applies the DHV converted into passenger car 
units per hour (pcuph) using known HV-shares. While this feature does not cause any issues when using 
the HBS methods separately, once the chapters are linked a disparity in the user input and segment 
capacity occurs. 
To overcome this disparity within the input units, the proposed solution is to unify the DHV in pcuph 
for all component segments so that units in both chapters A3 and A4 are compatible. This action requires 
no modifications in chapter A4 as it is already using pcuph for capacity determination. In chapter A3 
the minimal requirement is to convert the capacity table from the vph to pcuph by the respective HV-
share using equation A4-3. 
3.2.2. Adjustments to segment capacity 
For the overview of current capacity concepts in HBS we refer to its latest published edition (FGSV, 
2015). The capacity definitions in chapters A3 and A4 exhibit inconsistency shown in Figure 4: chapter 
A3 determines the capacity of the basic road segment as a function of the cross section configuration 
(number of lanes, road gradient, HV-share etc.) express in vph. On the other hand, chapter A4 assigns 
the same cross section to “mean” capacity equal to 2,000 pcuph per lane (5,800 pcuph in 3-lane mainline 
setting). Therefore depending on the configuration and especially the HV-share, difference between the 
capacity given in chapter A3 and A4 occurs. 
 
Figure 4: A3 capacity (solid line), A4 capacity (dashed line) at the basic/merge segment boundary 
To address this inconsistency, a linkage between the chapter methods is proposed and implemented 
in a macroscopic traffic flow model. First, the piecewise capacity function in chapter A3 is interpolated 
for HV-shares between 0 and 35%. For this interpolation the capacity values given in Table A3-2 are 
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assumed to lie in the middle of the given HV-share intervals. Next, the cross sectional capacity values 
from chapter A3 are converted from vph to pcuph to unify the capacity units between both chapters. A 
lower bound of both capacities is computed and assigned as a capacity of the mainline within the 
merge/diverge/weaving segment. As a result, the capacity of a mainline within an intersection segment 
is a function of the preceding basic road segment according to chapter A3 and its own capacity based 
on chapter A4. 
To support this adjustment, we present a diagram of flow relationship between on-ramp flow and 
mainline flow within merge type E1-3 that was investigated by (Geistefeldt, et al., 2015). The data from 
the calibrated microscopic traffic flow simulation show that from a certain ratio of the on-ramp to 
mainline flow it is the capacity of the mainline that is decisive for the total capacity of the merge area 
(rectangles). These points overlap with the revised capacity curve used in this paper where the deviation 
is indicated by steeper inclination of the revised dashed curve (bold) towards the origin. This is in accord 
with the assumption that merge capacity is a function of the preceding basic road segment´s capacity. 
 
Figure 5: revised capacity threshold (bold) vs. simulated capacity (rectangles) at E1-3 merge  
3.3 Incorporation of traffic density in HBS methodology 
3.3.1. Problem statement 
In the current HBS guideline, the LOS of component segment is solely determined based on the V/C 
ratio during the design hour. The V/C ratio reflects the capacity utilization rate and is together with a 
demand-to-capacity (D/C) ratio a good indicator of the prevailing traffic conditions on the freeway. 
According to HBS, as long as the V/C remains below 1.00 the analysis can be proceed, however once 
the V/C exceeds 1.00 (LOS F) and the facility becomes oversaturated, the guideline suggests an 
alternative evaluation and terminates the analysis. However, in practice it is often impossible to conduct 
the alternative analysis for larger parts of a network due to extensive calibration effort. 
Once the oversaturation is incorporated within the analysis, the V/C ratio cannot be used because of 
unrealistic V/C values upstream of any bottleneck. Therefore another measure for the LOS 
determination is required to be able to handle the oversaturated time periods of the analysis; however it 
is still desired to use V/C ratio during the undersaturated traffic conditions to keep the LOS results 
consistent with the current HBS methodology. As an alternative measure, we investigate the usage of 
traffic density within the evaluation. By adopting two MOEs and extending the analysis beyond the 
design hour we step away from a traditional definition of LOS by single MOE and specific short-time 
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period, but gain a supplemental measure that enables the LOS grading within a discrete time-space 
domain covering thus the oversaturation and the interactions between the facility elements. 
3.3.2. Incorporating density-based LOS in standard speed-flow diagrams 
For the purpose of incorporating the oversaturation within the analysis and advancing from a 
short-time period to a discrete time-space domain, we relax the input demand condition and allow not 
only the design hourly volume but any other hourly demand volume for each component segment within 
the facility. Furthermore, we additionally define a density-based LOS to address the inability of V/C-
based LOS to evaluate the oversaturated conditions. To do this, a density-based LOS scale is proposed 
using the V/C equal to 1.00 as a principal point of the scale. The segment-specific density thresholds 
between the LOS grades are computed based on the V/C thresholds given in HBS Table A3-1 using the 
revised speed-flow relationships in HBS Figures A3-3 to A3-19. Table 1 sums up the traffic flow 
characteristics including the LOS grades for an example of a 2 lanes urban freeway with no general 
speed limit for various HV-shares. 
The benefit of density-based LOS grades is the possibility to assign LOS to facility segments 
even if the facility is congested and V/C exceeds 1.00. Furthermore, density-based LOS is more 
appropriate for non-design hourly demand values as they can exceed the V/C ratio 1.00 even though the 
traffic state is still stable (for detailed explanation see Section 4.1). In our approach, we don´t refine the 
LOS F grade into sublevels; for a more comprehensive analysis of the oversaturated segments in time-
space domain we suggest looking at the traffic density, queue length and traffic delays using 
macroscopic traffic flow simulation as described in the following sections. 
Table 1: HBS speed-flow diagram converted to LOS scale (*hard shoulder running) 
 
4 Investigation of LOS E/F boundary 
4.1 Empirical investigation 
First, we look at the empirical data and focus on the boundary between undersaturated and congested 
flow regime. Figure 6 shows the speed contour data at the federal freeway A99 between interchanges 
Munich-South and Munich-South-West in direction Stuttgart on 16/10/2014 between 12am and 2pm. A 
traffic breakdown was observed at 7:30am upstream from cross section MQ99-780 that led to a major 
congestion that extended over multiple time periods and freeway segments. Initially, hard shoulder was 
activated at 7:50am to increase the capacity but was eventually shut down by the TMC at 8:30am. The 
congestion propagated stream upwards reaching its peak at 8:30 am at total length about 22km (~ 14 
miles). The congestion back-cleared due to reduced demand until it cleared completely at 12:30pm. 
LOS A B C D D* E F
Max K [veh/km] 4 8 12 16 17 22 > 22
Min V [km/h] 133,4 126,6 116,8 102,6 99,9 85,0 < 85
Max V/C [-] 0,30 0,55 0,75 0,90 0,92 1,00 > 1.00
Max Q [vph] 1.110 2.035 2.775 3.330 3.404 3.700 3.700
LOS A B C D D* E F
Max K [veh/km] 4 8 12 16 17 21 > 21
Min V [km/h] 133,1 126,0 115,9 101,9 99,2 85,0 < 85
Max V/C [-] 0,30 0,55 0,75 0,90 0,92 1,00 > 1.00
Max Q [vph] 1.080 1.980 2.700 3.240 3.312 3.600 3.600
C = 3,700 vph, 2 lanes, HV-share < 5%
C = 3,600 vph, 2 lanes, HV-share 10%
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Figure 6: 1-Min travel speed aggregates on A99, 16/10/2014 
Figure 7 shows aggregated 1-hour traffic flows and the comparison between the current LOS scale 
(subscript V/C) and the proposed density-based LOS grades (subscript K). The density-based LOS 
grades are computed according to the section 3.3.2 based on given speed-flow curve and the LOS 
thresholds defined in HBS Figure A3-1. Clearly, the larger the margin between the speed-flow data and 
the selected speed-flow curve, the higher the chance to assign incorrect LOS to the segment. Figure 7 
shows 3 data points that fall in the LOS F class according to the current HBS methodology since the 
traffic flow exceeds the capacity and thus the V/C ratio exceeds the value 1.00. This is however 
incorrect, since the traffic flow is still stable and did not turn into a congested regime. Based on an 
assumption that the boundary between a stable and unstable traffic flow regime is determined by the 
LOS E/F boundary, the density-based LOS classifies these data points correctly. This is achieved by the 
fact that despite the flow rate lies above the nominal capacity the traffic density reflects the higher speed 
at the high traffic flow rate what yields traffic density value below the critical density. 
 
Figure 7: 1-h demand data in speed-flow diagram 
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4.2 Model-based investigation 
To demonstrate the modifications proposed in this paper, we present results of a section of the federal 
freeway A99 in Munich, Bavaria modeled in the computational engine German FREEVAL. The most 
recent model version includes the modifications in segmentation of the facility, capacity distribution 
and finally the LOS evaluation as described in this paper. The data used for the analysis was collected 
by the road traffic center in South Bavaria (ABDSB). The modelled freeway facility has the following 
configuration: 3 lanes urban freeway with optional hard shoulder running, road gradient ≤ 2% and speed 
limits according to line control. 
The basic capacity of a 3 lane freeway is a function of HV-share and speed limit in range between 
4,900vph and 5,700vph. The facility is divided in 26 segments in total length 25km (~ 15.5 miles). The 
analysis period covers 10 1-hour intervals subdivided into 15-minutes time intervals for more detailed 
evaluation. The time-space domain corresponds to the congested area marked in Figure 6. Because the 
capacities given in HBS are determined based on 1-hour demand data, the demand data is aggregated 
into 1-hour intervals. The model is populated by the demand data and HV-shares collected from 
stationary traffic counts. The speed limits across the facility and analysis period were read out of the 
data from variable speed posting signs. The jam density is set to 135 veh/km/lane, capacity drop is 7% 
and the critical density is a determined based on the selected speed-flow curve at each segment. 
  
Figure 8: V/C-based LOS (left), density-based LOS (right) 
Figure 8 displays the resulting segment LOS grades in the modeled time-space domain. The left part 
of the figure displays the LOS based on the V/C ratio; the right part represents the density-based 
evaluation. The V/C evaluation identifies segments operating at high traffic flow rates helps to identify 
bottlenecks in the network. The segments yielding LOS E or F across multiple time periods are 
represented mostly by capacity constrained merge and diverge segments that yield high V/C ratios. The 
traffic density-based evaluation computed according to section 3.3.2 yields a picture of the congestion´s 
time-space extent, including the shockwave length and assigns LOS grades to the segments in an 
intuitive way. In this manner, the analyst can better estimate the length and duration of the oversaturation 
and the impact of traffic operation measures such as hard shoulder running or line control. 
5 Conclusions and future research 
In this paper, we discussed modifications to the current HBS methodology enabling the evaluation 
of oversaturated traffic conditions at the freeway facilities. At the moment, the HBS methodology gives 
guidance to analyze sections of freeway facilities separately without incorporation of the interactions 
between the basic road segments and grade separated junctions. To address this, the paper identified 
discontinuities within the current methodology and proposed enhancements to overcome the 
inconsistency between the chapters´ methodologies. The changes proposed include unification of input 
units, relaxation of the input demand constraint and current HBS segmentation rules, adjustments to the 
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capacity determination between the component segments and incorporation of traffic density as a 
measure of effectiveness. Further, the proposed method enables modelling of oversaturated C/D lane 
within the freeway facility. To show the effects of modifications and enhancements, the updated 
methodology was implemented in a macroscopic traffic flow model that was initially developed as a 
faithful implementation of the current HBS procedures and later extended to address the oversaturation 
within the facility. 
In future research the model should be validated against field performance data from various 
facilities across Germany to ensure good results under various cross sectional configurations and 
saturation flows. In the moment, there is a lack of field data on the oversaturation within the C/D lane 
that leads to a spillback on the mainline. Future research needs to address this issue to calibrate this 
traffic situation within the macroscopic traffic flow model. Further, due to the first-order character of 
the traffic model, the underlying traffic flow computation does not meet the speed distribution observed 
at the traffic counts during the congested time periods exactly. This limitation is to be researched in the 
future by modifying the speed-density model during the oversaturated conditions to achieve realistic 
speed distribution. 
Despite limitations, the model allows the HBS users to conduct freeway operation analysis using 
modified HBS methods to conduct fast what-if scenarios. Most importantly, the model can perform 
analysis of oversaturated traffic flow without terminating the analysis once V/C ratio exceeds 1.00. 
Incorporation of the traffic density within the analysis allows the users to get a better insight into the 
freeway performance and allows for evaluation of traffic measurements during the freeway operation 
and design tasks. 
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